SUMMARY. Grafting is widely used in the commercial production of cucurbits (Cucurbitaceae) and solanaceous (Solanaceae) vegetables, but seldom in the production of cruciferous vegetables such as cabbage (Brassica oleracea Capitata group). In our study, we developed a tube grafting method for cabbage using the 'K-Y cross' cabbage as the scion and 'Tsuei Jin' chinese kale (B. oleracea Alboglabra group) as the rootstock (K-Y/TJ), and then used the K-Y/TJ grafted seedlings to identify the best healing conditions. The examined healing conditions included temperature (15, 20, or 25°C) , relative humidity (RH; 75%, 85%, or 95%), and light intensity (high light intensity, 79 to 107 mmolÁm -2 Ás -1 ; low light intensity, 38.6 to 58.8 mmolÁm ). Considering all the healing conditions, the K-Y/TJ grafted seedlings healing at 20°C, 95% RH, and high light intensity exhibited survival rates of up to 96.7% and overall superior seedling quality. 'K-Y cross' cabbages were then grafted onto chinese kale rootstocks, and the head traits of all grafted plants were comparable to those of nongrafted and/or self-grafted 'K-Y cross' plants. 'K-Y cross' plants grafted on 'Jie Lan' chinese kale rootstocks had greater ascorbic acid and total soluble solid (TSS) contents than nongrafted and self-grafted 'K-Y cross' plants. Overall, this research describes a successful tube grafting method and the optimal healing conditions for grafted cabbage seedlings, which can be used as a tool to improve head quality. G rafting is an old but common horticultural technique in which plant tissues from separate plants are joined together to form a new composite plant (Hartmann et al., 2011; . The most well-known function of grafting is improving the soil-borne disease resistance of the new composite plants (Davis et al., 2008a (Davis et al., , 2008b Lee, 1994; Sakata et al., 2007) . The prohibition of methyl bromide has further increased the popularity of grafting as an alternative approach to disease control (Davis et al., 2008a (Davis et al., , 2008b Oda, 2007; Passam et al., 2005) . Furthermore, grafting can provide other advantages to the new composite plants, such as improved tolerance to abiotic stresses (e.g., water stress, thermal stress, salt stress, heavy metal toxicity), increased water and nutrient uptake, greater plant vigor, increased yield, and the induction or promotion of flowering (Davis et al., 2008b; Lee, 1994; Oda, 2007; Rivero et al., 2003; Schwarz et al., 2010) . Vegetable grafting is already widely used for commercial production of cucurbitaceous vegetables [e.g., watermelon (Citrullus lanatus), cucumber (Cucumis sativus), melon (Cucumis melo)] and solanaceous crops [e.g., eggplant (Solanum melongena), pepper (Capsicum annuum), tomato (Solanum lycopersicum)] (Gaion et al., 2017; Schwarz et al., 2010) . The variety of vegetable species for which grafting techniques have been developed has increased (Lee, 1994) , and an increasing number of countries are involved in vegetable grafting (Davis et al., 2008a (Davis et al., , 2008b Kubota et al., 2008; Mudge et al., 2009) .
Although grafting culture is commonly used in several vegetables, its application has been generally limited to cucurbits and solanaceous vegetables. The application of grafting techniques to more vegetables is an important issue. Cabbage is an important crop that belongs to the Crucifer family (Brassicaceae) and has never been seedling-grafted for commercial production. Based on a literature survey, we found that cabbage can be grafted onto kale (B. oleracea Acephala group) or kohlrabi (B. oleracea Gongylodes group) rootstock successfully by cleft grafting, but the survival ratios are very low (5% to 20%) . These low survival ratios may limit the commercial production of grafted cabbage seedlings. Chinese cabbage (Brassica rapa Pekinensis group) was reportedly grafted onto turnip (B. rapa Rapifera group) rootstock by cleft or horizontal methods, with survival ratios of %50% (Oda and Nakajima, 1992) . The greater survival ratios of chinese cabbage than of cabbage suggests the potential to improve cabbage grafting.
The survival ratios of grafted seedlings depend on the grafting compatibility between scion and rootstock as well as on seedling age and quality, grafting technique, and management after grafting (Andrews and Serrano Marquez, 1993; Davis et al., 2008b; Oda, 2007 as cleft grafting, tongue approach grafting, hole insertion grafting, and splice grafting (Lee, 1994; Oda, 2007) . Among these techniques, tube grafting, also known as slant-cut grafting or splice grafting, can be applied in small plants grown in plugs Oda, 2007) . Tube grafting is a common method for grafted commercial tomato seedling production in Taiwan, and is also popular in Japan, Korea, and the United States for plugcultured tomato seedlings Oda, 2007) . The tube-grafting procedure is simple and rapid . Importantly, this technique can be performed by hand or by using a grafting robot . Furthermore, the seedlings produced via the grafting method are healthy and strong , and there is no need to remove the tube after successful grafting.
Proper acclimatization, which includes healing and hardening, is a very important factor for success after grafting (Jang et al., 2011; Oda, 2007) . Environmental factors related to healing include temperature, RH, and light intensity (Jang et al., 2011; Mudge et al., 2009) . Grafted tomato seedlings allowed to heal at 23°C had greater survival rates than seedlings that healed at 17, 20, and 26°C (Vu et al., 2013) . At 14 d postgrafting, watermelon seedlings that healed at 27.5 ± 1.5°C had greater shoot fresh weight, root fresh weight, and leaf area than those of seedlings healed at 30.5 ± 1.5°C and 33.5 ± 1.5°C (Chang et al., 2003) . To prevent scion wilting, low light intensity and high humidity conditions are preferable for healing (Nobuoka et al., 1996) . However, greater light intensity during acclimatization improves the quality of grafted tomato and cucumber seedlings (Jang et al., 2011; Nobuoka et al., 2005) . Furthermore, grafted tomato seedlings healing at 80% RH had greater final survival rates than seedlings healing at 90% RH because a lower percentage of diseased plants were found under 80% RH conditions (Vu et al., 2013) . These examples suggest that different plant materials used for grafting require different healing conditions, and the best healing conditions can increase survival rates and improve seedling quality.
In this research, we attempted to develop a cabbage grafting method using tube grafting for potential diverse purposes in the future. First, we evaluated whether the tube-grafting method could be applied to cabbage. Second, we identified the best healing conditions for the grafted cabbage for future commercial production. Last, we determined the effects of grafting on cabbage head traits. 
Materials and methods

PLANT
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-1 . TUBE GRAFTING. For tube grafting, 21-d-old seedlings were used as scion and rootstock. For the scions, slant cuts at a 30 to 45°angle in the stem were made using a razor blade between the first node (where the cotyledon was attached) and the second node [where the first leaves were attached (Fig. 1A) ]. The total length of the incision in each scion was 0.3 to 0.5 cm, and the total length of the scion was 0.8 to 1.1 cm. Most mature leaves on the scion were removed to reduce transpiration (Fig. 1A) . For the rootstock, slant cuts with a 30 to 45°angle, the same as the scion, were made (Fig. 1B) , and the total length of the incision in each rootstock was also 0.3 to 0.5 cm. The angle of the slant cut was the same as in the scion and rootstock. Next, an elastic grafting tube, which was kindly provided by Yuchia Seed Co., Ltd. (Chiayi, Taiwan), was applied to the cut site of the rootstock, and the scion was inserted into the tube in the same direction to join the scion and rootstock tightly ( Fig. 1C and D) . Depending on the stem diameters, elastic tubes with different diameters (1.9 or 2.3 mm) were used. Eventually, the grafted cabbage formed a mature head (Fig. 1E) .
HEALING PROCESS. After grafting, the seedlings were transferred to a growth chamber (CK-68EXD; Chang Kuang, Taipei, Taiwan) ) for 5 d. Considering space and manpower constraints, we attempted to determine the best conditions for healing with respect to temperature, RH, and light intensity by changing only one factor at a time. When the optimal conditions were found for that factor, the next factor was tested under the previously determined conditions. HARDENING PROCESS. An effective hardening process is also important for successful grafting. Therefore, after healing, the grafted plants were transferred to NTU's phytotron, placed in a simple homemade chamber, and covered with a transparent plastic cloth and two layers of 50% black shade netting for 2 d. The transparent plastic cloth was used to reduce moisture loss, and the black shade netting was used to prevent excessive heat buildup. After 2 d, one layer of black shade netting was removed, and the grafted seedlings were kept inside for another 2 d. Then, all black shade netting was removed, and the grafted seedlings remained covered with the transparent plastic cloth for 1 d. Last, the grafted seedlings were grown in NTU's phytotron without any cover.
SURVIVAL RATE AND QUALITY OF GRAFTED SEEDLINGS. The survival rates (measured as a percentage) of the grafted seedlings were monitored after they had been grafted for 3 to 12 d. At 12 d after grafting, the surviving grafted seedlings were transferred to 3-inch-diameter pots and grown in NTU's phytotron. At 35 d after grafting, the surviving grafted seedlings were used to determine the stem diameter, plant height, leaf number, fresh weight, dry weight, and strong seedling index. Stem diameter was determined by measuring the stem diameter 1 cm above the grafting tube with an electronic Vernier caliper (Mitutoyo, Tokyo, Japan). Plant height was determined by measuring the height from the soil surface to the plant apex. The number of fully expanded leaves was calculated as the leaf number. After the soil attached to the roots was rinsed away and the excess water was absorbed with hand towels, the fresh weight and dry weight of whole seedlings were determined. The fresh weight was determined using an electronic scale (XJ-2100; Denver Instrument, Arvada, CO); the dry weight was determined using an electronic scale (XS204; Mettler Toledo, Z€ urich, Switzerland) after transferring the seedlings to an oven (DO30; Deng Yng, Taipei, Taiwan) and drying at 80°C for 3 d until a constant weight was achieved. The strong seedling index was calculated according to Chang (2004) using the following formula: strong seedling index = stem diameter (measured in centimeters) · seedling dry weight (measured in grams) · leaf number O seedling height (measured in centimeters).
YIELD AND HEAD TRAITS OF GRAFTED CABBAGE. 'K-Y cross' cabbage was grafted on different rootstocks as described earlier. All seeds were sown on 17 Oct. 2014 and grafted on 7 Nov. 2014 using the previously described tube-grafting method. The surviving grafted seedlings were transplanted to 10-inchdiameter pots (L-046; Dah-Maan Bio-Tech Co., Kaohsiung, Taiwan) on 1 Dec. 2014 and were grown in the greenhouse at NTU with a pad and fan system. On 2 May 2015, the cabbages were harvested to determine the yield and head traits. The temperature and photosynthetically active radiation (PAR) in the greenhouse from 1 Dec. 2014 to 2 May 2015 are shown in Supplemental Fig. 1 . The average temperature was 17 to 25°C, and PAR was supplied at 3439 to 8374 mmolÁm -2 Ás -1 during the cultivation period.
After removing one to two outer leaves, the head weight was determined using an electronic scale (XJ-2100). The head polar diameter, head equatorial diameter, head volume, core length, core base width, and percentage of head volume were determined according to a previous study (Kleinhenz and Wszelaki, 2003) . The head was then sliced into several parts. The juice was extracted from one part of the head using a juicer (MJ-M171P; Panasonic, Shah Alam, Malaysia), and centrifuged at 3880 g n and 4°C for 10 min (z326k; Hermale, Wehingen, Germany). The supernatant was used to determine the ascorbic acid and TSS contents. The ascorbic acid content was measured with ascorbic acid test strips (Reflectoquant Ò ; Merck, Darmstadt, Germany) and a reflectometer (RQflex Plus 10, Merck) according to the manufacturer's instructions. The TSS content was measured with a hand refractometer (N1; Atago, Tokyo, Japan) according to the manufacturer's instructions. Another part of the head was weighed and baked in an 80°C circulator oven (DO30) for 3 d until a constant weight was obtained. Dried samples were weighed (XS204). The water content was calculated using the method of a previous study (Garnier and Laurent, 1994) , using the following formula: water content = (fresh weight -dry weight) O fresh weight. A part of the head was frozen in liquid nitrogen and ground with a mortar and pestle. The total chlorophyll content was determined according to a previously described method (Arnon, 1949; Razaq et al., 2017; Xiang et al., 2011) , with minor modifications. Briefly, 0.2 g frozen homogenate was mixed with 12 mL 95% ethanol and incubated at 68°C in a thermostatic water bath (BU410D; Yih Der, Taipei, Taiwan) for 2 h. After centrifugation at 3880 g n for 10 min, 1 mL supernatant was used to quantify the chlorophyll content in a spectrophotometer (U-5100; Hitachi, Tokyo, Japan) at 665 and 649 nm. The concentration of chlorophyll was calculated using the following formulas: chlorophyll a (Chl a) = 13.95A 665 
Results
TEMPERATURE EFFECTS. 'K-Y cross', the major cabbage cultivar in Taiwan, was used as the scion in this research. Chinese kale was selected as the rootstock because it belongs to the Brassica family and has low seed cost, high plant vigor, and a stem diameter similar to that of cabbage. Furthermore, nonspecific stem resistance to black rot disease (caused by Xanthomonas campestris) was found previously in chinese kale (Ignatov et al., 1998) . To evaluate graft healing conditions in this study, 'Tsuei Jin' chinese kale was selected as the rootstock because it has a uniform appearance and high plant vigor. Using the tube-grafting method described earlier, we grafted 'K-Y cross' cabbage successfully onto 'Tsuei Jin' chinese kale ( Fig. 2A) . To evaluate the effect of healing temperature, the grafted 'K-Y cross' seedlings were allowed to heal at 15, 20, and 25°C for 5 d at 95% RH in dark conditions, and their survival rates were evaluated 3, 5, 6, 9, 10, and 12 d after grafting. Grafted seedlings healing at 15°C had the greatest survival rate, with survival rates of 100% from days 3 to 12 after grafting ( Table 1 ). The survival rates of grafted seedlings healing at 20 and 25°C were also at 100% on days 3 and 5 after grafting, but decreased gradually over the subsequent days (Table 1) . On day 12 after grafting, the seedlings healing at 20°C had survival rates up to 96.7%, but the survival rates of seedlings healing at 25°C decreased to 93.3% (Table 1) .
Next, we examined the quality of 'K-Y cross' grafted seedlings on day 35 after grafting. Seedlings that had healed at 20°C had the largest stem diameters, tallest plant heights, and greatest values for fresh weight, dry weight, leaf number, and strong seedling index (Table 2) . Considering the survival rate of 'K-Y cross' grafted seedlings healed at 15 and 20°C, both were greater than 95%, but seedlings healed at 20°C had better quality than those healed at 15°C; therefore, we chose 20°C for the next experiment.
RH EFFECTS. We then examined the effect of RH on the 'K-Y cross' grafted seedlings by allowing the grafted seedlings to heal at 75%, 85%, and 95% RH for 5 d at 20°C under dark conditions. Grafted seedlings that had healed at 85% RH had the greatest survivorship, with survival rates of 100% from days 3-12 after grafting (Table 3 ). The survival rate of grafted seedlings allowed to heal at 95% RH was also 100% on days 3 to 9 after grafting, but decreased slightly to 96.7% on days 10 and 12 (Table 3 ). The survival rate of grafted seedlings that had healed at 75% RH was 100% on day 3 only, then decreased gradually through subsequent days, with only a 93.3% survival rate on day 12 (Table 3) .
When evaluating the effects of RH on the quality of 'K-Y cross' grafted seedlings, we found that different RH treatments had no significant effect on stem diameter or leaf number (Table  4) . However, 'K-Y cross' grafted seedlings healed at 95% RH had the greatest values for plant height, fresh weight, dry weight, and strong seedling index (Table 4) .
Because the survival rates of 'K-Y cross' grafted seedlings healed at 85% and 95% RH were both high (> 95%), whereas seedlings healed at 95% RH had greater fresh weight, dry weight, and strong seedling index than those healed at 85% RH, we selected 95% RH for the subsequent experiments.
LIGHT INTENSITY EFFECTS. 'K-Y cross' grafted seedlings were healed at 20°C and 95% RH for 5 d in highlight (79-107 mmolÁm -2
Ás
-1 ), lowlight (38.6-58.8 mmolÁm -2
-1 ), or dark (0 mmolÁm -2 Ás -1 ) environments. For 'K-Y cross' grafted seedlings healed under high-light conditions, the survival rate was 96.7% for 3 to 12 d postgrafting (Table 5) . When 'K-Y cross' grafted seedlings were allowed to heal under low-light conditions, they maintained the 96.7% survival rate for 3 to 9 d after grafting, but the survival rate decreased to 93.3% on days 10 and 12 after grafting (Table 5). When 'K-Y cross' grafted seedlings were allowed to heal under dark conditions, although they had a 100% survival rate for 3 to 9 d after grafting, the survival rate decreased to 96.7% on days 10 and 12 after grafting (Table 5) .
When the quality of 'K-Y cross' grafted seedlings on day 35 after grafting was evaluated, the seedlings that had healed under high-light conditions had the greatest stem diameter, plant height, fresh weight, dry weight, leaf number, and strong seedling index (Table 6 ). Although there were no significant differences in plant height, dry weight, or leaf number between plants that had healed under high-light and dark conditions, the stem diameter, fresh weight, and strong seedling index of seedlings healed under the high-light condition were significantly greater than those of seedlings that had healed under dark conditions (Table 6 ). In summary, we believe that 20°C, 95% RH, and a high-light environment provide the optimal healing conditions for cabbage.
HEAD TRAITS AND QUALITY. K-Y/TJ grafted plants formed mature heads similar to those of K-Y/K-Y self-grafted plants (Fig. 2B) . Next, we attempted to graft 'K-Y cross' cabbage to different chinese kale rootstocks and evaluate the head traits and quality. When the cabbage heads were harvested, we found no significant differences in head traits between K-Y/K-Y self-grafted plants and 'K-Y cross' nongrafted plants (Table 7) . The contents of ascorbic acid, TSS, water, and chlorophyll were also not significantly different between 'K-Y cross' self-grafted and nongrafted plants (Table 8) . These results indicate that the grafting procedure itself did not change cabbage heading performance, but the head traits and head qualities of 'K-Y cross' grafted plants differed when different rootstocks were used (except for the head weight, head polar diameter, core length, water content, and total • February 2019 29 (1) chlorophyll content). The head volume and equatorial diameter of the grafted plants were greatest when the 'Jen Chiau' rootstock was used ( Table   7 ). The greatest head polar/equatorial ratio appeared when the 'Jung Ching' rootstock was used (Table  7) , and the smallest core base width was observed when the 'Jie Lan' and 'Huei Jin' rootstocks were used (Table 7). Last, the lowest percentage head volume was found when the 'Jen Chiau' rootstock was used (Table 7) . Although different head traits were found among different combinations of scion/rootstock grafting plants, there were no significant differences with the 'K-Y cross' nongrafted plants (Table 7) . In terms of head quality, the water content was similar among all grafted plants and ranged from 92.0% to 92.6% (Table 8 ). There were also no significant differences in the total chlorophyll content among different scion/rootstock combinations (Table  8) . Interestingly, the heads of K-Y/JL grafted plants harbored the greatest ascorbic acid content and TSS content, and both parameters were significantly greater than in K-Y/K-Y self-grafted plants and 'K-Y cross' nongrafted plants (Table 8) . These results imply that grafting 'K-Y cross' on 'Jie Lan' results in better head quality.
Discussion reported that cabbage scions could be grafted successfully onto kale or kohlrabi rootstocks, but their survival ratios were low (5% to 20%). In contrast, our survival ratios [up to 93.3% (Tables  1, 3 , and 5)] were much greater. Furthermore, as a result of early harvesting, the cabbage had not formed heads when kale or kohlrabi was used as the rootstock in the study by . In contrast, cabbage y Strong seedling index = stem diameter (measured in centimeters) · seedling dry weight (measured in grams) · leaf number/seedling height (measured in centimeters).
x Means within each column followed by different letters are significantly different according to the least significant difference test at P £ 0.05 (n = 10). x Strong seedling index = stem diameter (measured in centimeters) · seedling dry weight (measured in grams) · leaf number/seedling height (measured in centimeters).
w Means within each column followed by different letters are significantly different according to the least significant difference test at P £ 0.05 (n = 10). formed heads normally when chinese kale was used as the rootstock in our experiment (Table 7 ; Fig. 2B ). Furthermore, the head weight of the grafted plants was similar to that of the nongrafted plants (Table 7) . We suggest that the successful grafting of cabbage in our experiment may be the result of the factors discussed next. First, the scion/rootstock combination is different. used kale and kohlrabi as rootstocks, whereas we used chinese kale. A viable scion/rootstock combination is important for successful grafting. Second, the grafting methods were different. used cleft grafting, whereas we used tube grafting. The seedlings produced by tube grafting are often healthy and strong .Third, the seedling age used for grafting was different. proposed that the low survival ratio in their experiment was the result of the use of small seedlings, which are difficult to handle. In contrast, older seedlings, which are easier to handle, were used in our experiments. Last, better healing environments were selected in our experiment, which also contributed to the high survival ratios.
Traditionally, grafted plants are healed in a plastic tunnel with transparent film inside to maintain high humidity, and silver/white cheesecloth outside to provide shade Oda, 2007) . However, the survival rate and quality of grafted seedlings are inconsistent when the external environment changes. Previous reports have shown that grafted seedlings healed in highly controlled environments have greater survival rates, faster growth rates and better seedling quality (Jang et al., 2011; Nobuoka et al., 2005) . In fact, various acclimatization chambers are commonly used by commercial companies in Japan and Korea . In Taiwan, an increasing number of commercial seedling industries are also using healing chambers to produce grafted tomato seedlings. Because high humidity is maintained by humidifiers in healing chambers, instead of manual application, labor can also be saved.
The optimal cabbage healing conditions [20°C, 95% RH, and a high-light environment (Tables 1-6 )] identified in this study could be applied to commercially grafted cabbage seedling production in the future with the healing chambers currently in use in the seedling industry. Previous studies have shown that the percentage of diseased grafted tomato plants may increase when the RH during the healing process is increased (Vu et al., 2013) . Although we did not find any diseased plants in our experiments, high humidity (95% RH) conditions during the healing process in commercial grafted seedling production should be applied with caution. Previous studies have shown that grafted tomato and cucumber show better growth performance when the light intensity is greater during the healing stage (Jang et al., 2011; Nobuoka et al., 2005) . Our results also showed the same pattern, with 'K-Y cross' grafted seedlings healed under high-light conditions exhibiting the best quality (Table 6 ). The better growth performance of grafted seedlings under high-light conditions may be the result of a greater photosynthetic rate.
The cabbage grafting method described in this research has the following advantages. First, it has a high grafting survival rate. Second, the identified best healing condition could be applied directly to commercial production using a healing chamber to produce stable seedlings with good quality. Third, the technique of plug seedlings is consistent with the major production methods used by seed companies. Fourth, the operation is simple and rapid. Fifth, this method can be performed, not only by hand, but also potentially by a grafting robot. This is an important feature because conventional manual grafting is laborious. Because tube grafting can be performed by machine , we assume the cabbage grafting method developed in this study has the potential for automatic production in the future. The development of grafting machines and robots for cucurbits and solanaceous crops (Kubota et al., 2008; Kurata, 1994; has enabled mechanization and automation. As the degree of mechanization increases, the popularity of grafting is expected to increase in the future.
In this study, grafting 'K-Y cross' cabbage on 'Jie Lan' rootstock resulted in better head quality (Table 8 ). The success of cabbage grafting also indicates that additional benefits for production and fundamental research could be pursued; e.g., increased abiotic stress resistance, reduced pathogen infection, improved water and nutrient uptake, increased yield, flowering induction, scion-rootstock interaction studies, etc. Therefore, selecting the proper rootstock for diverse grafting purposes is an important next step. For example, 'K-Y cross' cabbage is popular in Taiwan but is susceptible to clubroot disease (a soil-borne disease caused by Plasmodiophora brassicae). Several clubrootresistant cultivars [e.g., 'YCR-NC34' and 'YCR-NC53' from Nippon Norin w Means within each column followed by different letters are significantly different by the least significant difference test at P £ 0.01 (n = 4).
• February 2019 29(1) Seed Co., Ltd. (Tokyo, Japan)] may serve as rootstocks for 'K-Y cross' cabbage. Grafting 'K-Y cross' cabbage onto resistant rootstocks may quickly solve the problem of clubroot disease, which is common in Taiwan, without requiring long breeding procedures to obtain a new resistant cultivar favored by Taiwanese consumers. Furthermore, the successful grafting of cabbage in this study indicates that this technique cannot only be used in cabbage, but also shows potential for additional vegetables within the Crucifer family. Given the high planting density used in cabbage production, the cost of grafted cabbage production may become a concern. However, the cost will be reduced dramatically when a grafting robot is developed in the future.
Also in the future, it is assumed that grafting will become more common in more areas. Indeed, vegetable grafting approaches that have been practiced for a long time in Asian countries such as Japan and Korea have already extended to European countries such as Spain and Italy, as well as the United States (Cantliffe, 2009; Kubota et al., 2008; Rivero et al., 2003) . The development of grafting methods for more crops and the development of grafting machines for automation will encourage the spread of grafting technology more quickly to more countries.
In conclusion, this study developed a tube-grafting method for cabbage and identified the optimal healing conditions for cabbage (20°C, 95% RH, and high-light environment). Combining tube grafting with the best healing conditions can produce high survival rates and good quality of 'K-Y cross' grafted cabbage seedlings. Furthermore, the 'K-Y cross' grafted cabbage had comparable or even superior head quality when a specific rootstock was used.
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